Abstract: Knowledge of the pools and fluxes of C and N soil components is required to interpret ecosystem functioning and improve biogeochemical models. Two former grassland soils, where wheat or corn are currently growing, were studied by kinetic analysis of microbial biomass C and N changes, C and N mineralization rates, acid hydrolysis, and pyrolysis. Nearly twice as much C as N was mineralized during incubation. Modeling of changes during incubation demonstrated that two-pool first-order kinetics effectively described losses of microbial biomass C and N and concurrent N mineralization. Loss of microbial biomass N during incubation accounted for a significant portion of the N mineralized. Microbial biomass N content and soil N mineralization rates were strongly affected by soil type and soil management. Nitrification, but not N mineralization, was inhibited during the latter stages of incubation in one of the soils. We believe nitrifier populations had dropped below effective levels. Nonacid hydrolysable C was increased in both amount and mean residence time by cultivation and incubation. Hydrolysis removed a larger amount of N than incubation. Data after pyrolysis of soils, in argon at 550-C, closely reflected results for both C and N found after cultivation and incubation. This technique should be further investigated to identify the recalcitrant forms of C and N in soils. The dynamics of soil C and soil N, although related, are not identical; thus, management can be targeted to soil C or N cycling in ecosystem functioning or to soil organic matter dynamics in global change.
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Key words: Nitrogen dynamics, nitrogen mineralization, soil organic matter, microbial biomass. (Soil Sci 2011; 176: 527Y536) N itrogen (N) is a vital constituent of soil organic matter (SOM), microbial biomass, and soil enzymes. Its mineralization influences soil fertility, ecosystem functioning, environmental pollution, and global change (Drinkwater et al., 1996) . Soil N dynamics are related to soil organic carbon (SOC) transformations and are usually modeled through comparisons with C:N ratios (Parton et al., 1998 ). Yet, the two processes can be quite dissimilar. Thus, N transformations can potentially be managed differently than those for soil C (Paul et al., 2004) . Nitrogen fertility can be built up for later crop growth by increasing the size of the active N pools through rotations and organic amendments. These pools can later be mineralized by rhizosphere microflora (Sanchez et al., 2002) .
Understanding the role of soil N in soil fertility, ecosystem functioning, and in relation to gaseous emissions of nitrous oxide (N 2 O) as it influences global change requires the availability of data from analytically derived pools and fluxes. Soil C and N pools, such as microbial biomass (Anderson and Domsch, 1989) , light fraction, particulate organic matter, and hydrolysable and nonhydrolysable soil C and N components (Janzen et al., 1992; Gregorich et al., 2006; Paul et al., 2006) , have been identified as being critically involved in the understanding of soil C and N cycling. The interaction of these pools with other organic constituents (Nelson et al., 1979) or the inorganic matrix (silt, clay, cations, sesquioxides, and aggregates) controls soil C and N dynamics (von Lützow et al., 2007; Cabrero et al., 2008) . The soil biota acts as both a pool of nutrients and a catalyst in decomposition (Insam et al., 1989; Paul et al., 1999) .
The activity of the microbial biomass is best studied with tracers (Ladd et al., 1981) . Only a portion of the biomass appears to be active at any one time, and competition favors the growth of specific organisms on specific substrates. Paul and Voroney (1980) measured the decomposition kinetics of labeled and unlabeled microbial biomass C (MBC). They found that only È12% of the original microbial C was activated during microbial growth on 14 C-labeled glucose. The new MBC, labeled with 14 C, had a decay-rate constant of 1.3 Â 10 j1 days, equivalent to a mean residence time (MRT) of 7.7 days. The unlabeled biomass had a decay rate of 5.5 Â 10 j3 days (MRT of 182 days) under laboratory conditions. This and other studies (Amato and Ladd, 1992; Nannipieri and Paul, 2009) indicate that there are soil-dependent control mechanisms for the turnover of both active and resting microbial biomass.
Incubation allows the soil biota and their enzymes to identify and decompose the labile C and N components of SOM (Ladd and Brisbane, 1967) . Soil C mineralization is usually best described by multipool, first-order models (Parton et al., 1998) . Nitrogen mineralization is often fitted either to zero-order or single-and two-pool, first-order equations (Stanford and Smith, 1972; Juma and Paul, 1984; Mikha et al., 2006) , depending on the extent of the immobilization of mineral N during the initial stages of incubation (Cabrero et al., 2008; Delgado and Shaffer, 2008 ). The C:N ratio of the microbial biomass (Smith and Paul, 1990 ) is narrower than the associated SOM (Stevenson, 1994) and is related to the utilization of plant residues with varying C:N ratios, as well as the fungal-to-bacterial ratio (Horwath, 2007) .
There are insufficient data relating the pools and fluxes of soil N relative to those of soil C both for the interpretation of soil fertility (Drinkwater et al., 1996) and ecosystem functioning. Acid hydrolysis has been used to characterize both the labile and resistant pools (McLauchlan and Hobbie, 2004) and provides a fairly rapid, reproducible separation of compounds with a long MRT from the more labile compounds (Helfrich et al., 2007) . It continues to be the method most often recommended for analysis of N compounds in soil (Olk, 2008) . The proportion of nonhydrolysable C (NHC) does not always change significantly as a percentage of the total C with management treatments (such as cultivation) that reduce the total SOM (Paul et al., 2006) . Models predict that the fraction of C in the resistant pool should increase as more labile components are lost after disturbance (Parton et al., 1998) . Earlier literature indicated that 6 M acid hydrolysis would caramelize some of the soil carbohydrate constituents and cause them to condense with amino compounds to lower the N recovery. A two-stage hydrolysis has been suggested to overcome this concern (Stevenson, 1982) . Follett et al. (2007) conducted an 853-day incubation, at 30-C, of cultivated, former grassland soils from the Central Great Plains in Sidney, Nebraska, and Akron, Colorado. Their results showed that the soils lost 27% to 39% of their C during incubation, depending on past management. The microbial C was decreased by 72% to 90%. Nonhydrolysable C represented È62% of the SOC in the cultivated, Akron wheat-fallow soil, both before and after incubation that had released considerable C, showing that a portion of the NHC fraction was attacked during incubation, even though it had an MRT of 3,316 years before and 4,967 years after incubation. These data showed that, during incubation, the microorganisms were attacking what are often considered resistant SOC pools. Pyrolysis-molecular beam mass spectrometry of the soil present after hydrolysis has shown that the remaining N compounds are largely composed of amides (Plante et al., 2009 ) but are protected from both chemical and microbial attacks by interactions with other soil constituents.
This article reports on the changes in microbial biomass N (MBN) and N mineralization rates of soil samples that were incubated for 853 days in the Follett et al. (2007) experiment. The data from the measurement of N mineralization rates and the change in microbial C and N during long-term incubation are used to relate C and N dynamics in soils under different management by calculation of pool sizes and MRTs. The data are also interpreted relative to the results obtained from the use of 14 C and 13 C tracers and the measurement of the soil-resistant C and N pools by hydrolysis and pyrolysis. This includes an evaluation of the effects of a two-stage acid hydrolysis on C and N release relative to a single-stage treatment. The effects of pyrolysis, in an inert gas, on the amount of C and N released and on the 13 C content of the residual C in native, cultivated, and cultivated-incubated samples were also measured to determine if this technique has potential as an analytical procedure for the determination of resistant SOM constituents.
MATERIALS AND METHODS
The cultivated Akron and Sidney sites are on US Department of Agriculture/Agricultural Research Service research sites in the semiarid, continental high plains of North America and have an extensive research background Lyon et al., 1997; Paul et al., 1997; Halvorson et al., 2002; Mikha et al., 2006; Follett et al., 2007) . The Akron site at 40-9 ¶ N 103-98 ¶ W, at an elevation of 1,450 m, has a July average temperature of 23-C and a January average of j3.9-C. Dry land farming, such as the production of winter wheat (Triticum aestivum L.), is possible because most of the 422-mm annual precipitation falls in May and June. The soils are a Weld loam; a fine montmorillonitic, mesic, aridic, Paleustal with 30% sand, 40% silt, and 30% clay. Treatments sampled consist of plots of wheat-fallow rotations and corn (Zea mays L.) with somewhat different management treatments. The wheat fallow contained a plow treatment (AWF 307), no-till (AWF 207), and stubble mulch-tillage (AWF 205). All straw was returned to the site. The site was initially cultivated in 1907 and used for winter wheat production with a fallow period to conserve moisture for the following crop. The above treatments were established in 1967. Akron corn treatments consisted of continuous corn (AVR 208 and 306) and a cornfallow-wheat-corn rotation (AVR 308). The treatments were on the same soil type and landscape position.
Because the treatments were not initially established as true replicates, data for MBN and N mineralization are also given for the individual plots. Although different management had somewhat different soil C and N contents, the treatments within the Akron wheat-fallow plots were statistically different from the Akron corn plots (Follett et al., 2007) . We thus also showed the averages for the corn and wheat treatments in the interpretation of microbial C and N and N mineralization rates on this site and for comparison with the replicated Sidney sites. The native soil, used for analysis of the chemical treatments, was sampled from the native site on the Akron weather station within the plot area on the same soil type.
The Sidney plots (40-8 ¶ N 102-58 ¶ W) on a Duroc loam, a fine, mixed, mesic, pachic, Haplustoll are located 118 km north of the Akron plots. The slightly lower elevation at 1,326 m has a precipitation of 380 mm and less annual temperature variation in that the average July maximum during the 33 years of measurement, before the 1993 sampling, was 17-C with a January average of 0.2-C. These plots were initiated, in 1970, as randomized, replicated strips upon the plowing of the native prairie . This site, with 40% sand, 35% silt, and 25% clay, consisted of no-till (Si no-till) and plow tillage (Si plow). Replicated, native-prairie strips were left unplowed and incorporated into the experimental design (Si sod). The 13 C analysis of the native prairie grasses surrounding the plots showed the vegetation was composed of 77% C 4 grasses. The lack of grazing on the sod plots within the management site and the possible accumulation of snow in the Si sod plots resulted in the presence of a greater amount of C 3 vegetation (primarily Agropyron sp. L) such that C 4 grasses represented only 7% of the vegetation when sampled in 1993 . The samples from 0-to10-cm layer of soil were air dried, sieved to 2 mm, and handpicked to remove identifiable plant residues. Incubation for 853 days at 30-C and j0.05 MPa is described by Follett et al. (2007) . Soil N concentrations were measured using combustion analyses (USDA-NRCS, 2004). Microbial biomass N was measured by fumigation-incubation (Parkinson and Paul, 1982; Voroney and Paul, 1984) .
Kinetics of the microbial C were calculated by curve fitting the data of Follett et al. (2007) to allow comparison with those of microbial N during the same incubation. Zero-order, first-order, single, and first-order, two-pool models were fitted. The optimal variable parameters were estimated using linear and nonlinear regression (SAS Institute Inc., 2004) . The three models compared had different numbers of variable parameters (two vs. three). To account for this, we used adjusted R 2 (R a 2 ) to compare model fits, which takes into account the number of parameters used in a model. R 2 was calculated as:
and R a 2 was calculated as:
where y is the dependent variable, ŷ is the estimated value of y, y Y is the arithmetic mean of y, n is the number of observations, and i is the number of model parameters (Kvålseth, 1985) . The model with the highest R a 2 was considered the best estimation of the data and was used for later interpretation.
The NH 4 + and NO 3 j that accumulated during incubation were extracted with 1 M KCl and measured colorimetrically (USDA-NRCS, 2004) . The data for N mineralization represent the sum of the NH 4 + and NO 3 j after subtraction of the levels found at Day 0 of the incubation. The kinetics of N mineralization during incubation were calculated by curve fitting of the accumulated values using SAS (SAS Institute Inc., 2004), again presenting the data for the best-fit model. All figures represent measured data. The results from curve fitting are shown as equations. The pool sizes and decomposition kinetics were determined from the modeled equations. The contribution of microbial N to mineral N production was calculated from the ratio of measured, microbial N losses to measured, mineral N production during incubation ($ microbial N / N mineralized during the incubation). Combustion analysis for soil N includes a variable proportion of the NO 3 j in high NO 3 j soils (Bremner and Mulvaney, 1982) . The soil N after incubation was calculated by subtraction of measured, extractable, mineral N from the original soil N content. Fixed ammonium was not measured. Acid hydrolysis was conducted by refluxing with 6 M HCl at 100-C for 20 h (Sollins et al., 1999) . A two-stage hydrolysis with 0.5 M HCl at 50-C followed by 6 M acid at 100-C for 20 h was tested to determine if the removal of some of the carbohydrates in the weak-acid digestion influenced the results of the 6 M digestion. The data for hydrolysis and pyrolysis are corrected for mass loss during treatment. Pyrolysis was conducted at 550-C in a stream of argon (Magrini et al., 2002) . The C, N, and 13 C analyses were conducted in a Carlo Erbo 1500 analyzer (Haake Buchler Instruments, Saddle Brook, NJ) coupled with a Tracer Mass Spectrometer (Europa Scientific Ltd., Crewe, England).
RESULTS

Soil Microbial Biomass C and N Kinetics
The soil C contents and MBC pool sizes and loss-rate kinetics during incubation (Table 1) were calculated from the data of Follett et al. (2007) for comparison to the soil and microbial N data. For ease of interpretation, the decomposition rate constants are converted to MRTs, which in first-order equations are the reciprocal of the decomposition rate constants (Horwath, 2007) . The MBC pool sizes and decomposition kinetics were related to the total soil C contents and were best described by two-pool, first-order models with high R a 2 values (Table 2) . Zero-order kinetics generally gave a poor fit. The two-pool model was used for later calculations.
The Akron corn plots with an SOC of 10.2 g C kg j1 soil lost 39% of their SOC on incubation and had 59% of its original microbial C in a labile pool with a laboratory MRT of 62 days (Table 1 ). The Akron wheat-fallow plots with 9.1 g C kg j1 soil lost 33% of their C on incubation and contained 35% of their biomass in the labile pool with an MRT of 74 days. The Si plow, with 13.4 g C kg j1 soil, had only 6% of its biomass C in a labile pool with a short MRT. The Si no-till and Si sod soils with higher SOC had 32% to 37% of their biomass C in the labile pool with laboratory MRTs of 104 to 165 days. The size of stable, MBC pools ranged widely from 168 to 958 Kg C g j1 soil, reflecting the large range in total biomass that was related to the amount of SOC present, especially in the Sidney soils. The stable microbial pools had somewhat similar MRTs of 589 to 674 days, except for the longer MRT of 762 days in the degraded Si plow site (Table 1) .
The MBN data for the Akron CO soil reflect the more than 70 years of cultivation. The individual plot data for the corn plots, consisting of continuous corn grown for 4 years before sampling (AVR 208 and 306) and a corn-fallow-wheat (Triticucum aestivum L)-corn rotation (AVR 308), showed differences in the initial microbial N (Fig. 1A) , but not on extended incubation. The biomass N changes during incubation were well represented by twopool, first-order models ( Table 2 ). The size of the labile, MBN pool of the Akron continuous corn (plot 306) is shown by the (Kvålseth, 1985) . (Fig. 1A) . The 40 Hg biomass N g j1 soil in the stable pool had a decomposition rate constant of 0.0025 days under the laboratory incubation condition with favorable moisture and a temperature of 30-C.
The Akron wheat-fallow plots reflected differences in the three management treatments both at the initial and later segments of the 853-day incubation (Fig. 1B) . The plow and no-till sites (AWF 207 and 307) with lower soil N contents had a total of 40 to 45 Kg biomass N g j1 soil that rapidly dropped to very low levels during the incubation. Thus their labile pool was only one quarter of the total biomass N. The stubble mulch (AWF 205) treatment with 10.9 g C kg j1 soil had the highest biomass, not only at the initiation of the incubation, but also at the end. This site showed a plateau after an initial drop of the biomass that reduced the R a 2 to 0.705 when modeling with firstorder kinetics. The plots, when treated as replicates (Fig. 1C) , showed an average original biomass of 95 Hg biomass N g j1 soil for the rotations containing corn. This was nearly twice that of the wheat fallow at 50 Kg biomass N g j1 soil. The equations for the curves in Fig. 1C show that the Akron corn plots had 55% of their biomass N in a labile pool with a decomposition rate constant of 0.0161 days . The equations also show that the Akron wheat fallow had 40% of their biomass N in a labile pool with a laboratory (30-C) decomposition rate constant of 0.0114 days . All values dropped to a low level at the end of the incubation. Because less N than C was mineralized, the C:N ratio of the remaining soils narrowed from an average of 9.4 in the Akron field soils to 6.6 after incubation, with fewer changes being noted in the Si soils that had higher C:N ratios after incubation (Table 3) .
The MBN of the Sidney soils shows the changes that can be brought about by management. The Si plow plots, initially at 78.9 Kg biomass N g j1 soil, dropped fourfold to 19 Hg biomass N g j1 soil during incubation (Fig. 2) . The no-till treatment was intermediate with a value of 183 Kg biomass N g j1 soil at the time of field sampling. The field-biomass value of 368.1 Kg biomass N g j1 soil in the Si sod dropped during incubation to values very similar to those of the other two treatments. These values were, however, still higher than those recorded for the Akron site (Fig. 1C) . The relative size and stability of each of the pools can be ascertained from the pool sizes and decomposition rate kinetics shown in the models. These reflect the very different levels shown in the data in Fig. 2 , where the Si plow is seen to have a very low initial MBN, and much of the drop in pool size had occurred by the 172-day sampling time.
The soil N contents and C:N ratio of the different management plots of the Akron soil before incubation (Table 3) reflect the more intensive cropping and higher crop inputs in the corn treatments. The Sidney soils varied significantly in that the soil N values for the plow sites were low at 1.43 g N kg j1 soil (Table 3 ) compared with 3.05 g N kg j1 soil after 20 years of sod on the original native prairie strips. The soil C:N ratios of 9.3 to 9.9 for both field soils were lower than most observations for surface agricultural soils (Stevenson, 1994) , with the wider ratios occurring where more recent plant residue had been incorporated in the Akron corn and the Si sod and no-till.
The microbial N in the Akron corn plots at the initiation of the incubation at 91 Kg N g j1 (Fig. 1) accounted for 7.9% of the soil N ( Table 3 ). The 53 Kg N g j1 soil in the Akron wheat fallow represented 4.7% of its soil N. The microbial biomass accounted for 5.5% of the soil N in the Si plow and 8.1% of the Si no-till. The Si sod at 368 Kg N g j1 soil had a large portion (12.6%) of its soil N as microbial N at the initiation of the incubation. The C:N ratios of the microbial biomass at the beginning of the incubation were slightly higher in the Akron (5.1Y5.2) than the Sidney soils (4.1Y4.8). The biomass N in the Akron soil after incubation was subject to measurement errors because of the high NH 4 + content after the last incubation period. The biomass N of the Sidney soils was stabilized at È1% of the remaining nonmineral soil N after incubation.
The proportions of labile biomass N (Table 3) in the different soils and treatments were related to those found for microbial C (Table 1) , further demonstrating the somewhat restricted C:N ratios of the biomass. The highest biomass levels also exhibit the largest proportion of labile C and N. Conversion of the decomposition rate constants for microbial N (Figs. 1 and 2) to MRTs (Table 3) shows a fourfold to sevenfold difference in the MRT between the labile and stable microbial-N pools.
Nitrogen Mineralization
Data for the production of mineral N during incubation (Figs. 3 and 4) + N g j1 soil throughout the rest of the incubation (data not shown). The Sidney soils, despite having higher NO 3 j contents during the latter part of the incubation, did not accumulate NH 4 + . The individual Akron treatments had N mineralization rates (Fig. 3A, B ) that reflected the differences in total soil N and microbial N contents shown earlier. Averaging the data resulted in fairly large error estimates, but still showed higher mineralization for the corn treatments (Fig. 3C) . The Sidney soils with more soil and microbial N (Si no-till and Si sod) produced higher amounts of mineral N (Fig. 4) than those with lower soil N (Si plow and the Akron soils), yet all followed two-pool, first-order mineralization kinetics with good R a 2 values (Table 2 ). Interpretation of the N mineralization kinetics (Table 4) shown in Figs. 3 and 4 shows that the 200 Kg N g j1 soil accumulated in the Akron corn during incubation represented a mineralization of 17% of the soil N. The Akron wheat fallow mineralized 15% of its soil N relative to mineralization of 33% of the soil C. The 23-year cultivation of the Si plow soil had depleted its fertility. The 236 Kg N g j1 soil N that was mineralized represents 17% of the soil N. A similar proportion was mineralized during incubation of the Si no-till relative to 21% in the Si sod. These values again were much lower than the loss of 27% to 34% of soil C (Table 1 ). The Sidney soil N parameters were also more responsive to treatment than the C parameters. The two-pool, first-order kinetic model showed a larger proportion of labile, mineralizable N in the Akron soil (10%Y16%) relative to the 4.6% to 10% in the Sidney soil that was in the pool representing the first phase of mineralization in this soil. The small pools of readily mineralizable N in the low SOM Akron and Si plow soils also had a smaller MRT than those in the soils with more SOM and more mineralizable N, such as the Akron corn and Sidney sod and no-till (Table 4 ). The 84% to 94.6% of the mineralizable N in the stable pool had MRTs of 350 to 606 days under laboratory incubation conditions, with the longest MRTs occurring in the low-fertility soils. The loss in microbial N during incubation of the Akron corn soils accounted for 45% of the N that was mineralized during the incubation, but only 30% of the N mineralized in the Akron wheat fallow. The change in microbial N represented 32% of the N that was mineralized in the Si plow, but 57% of that mineralized in the Si sod, again showing different dynamics for both the microbial biomass and the SOM in these two original grassland soils.
Carbon and Nitrogen Dynamics Relative to Soil Chemistry
There continues to be a need to relate the stability of microbial biomass and C and N mineralization dynamics to the chemistry of the SOM constituents. The data in Table 5 compare the C and N characteristics of the nonhydrolysable and Cultivation lowered the soil C to 64% of the native soil and raised its MRT to 1,015 years from 193 years ( Table 5) . Incubation of the cultivated sample reduced the SOC by another third (equivalent to 41% of the native SOC) with an MRT of 1,225 years. The microbes during incubation were able to attack some of the old NHC in the cultivated sample and dropped the NHC to 23% of the original native C. The numbers in parenthesis show the proportion of that sample that was resistant to either hydrolysis or pyrolysis, respectively. The NHC represented 55% of the cultivated-incubated soil C relative to the 42% found when hydrolyzing the native sample. The C date of the native soil NHC was 1,994 years. After cultivation, the MRT of the NHC was raised to 2,658 years. That of the incubatedcultivated soil was raised to 4,195 years. The nonhydrolysable C of the cultivated soil before incubation represents 32% of that in the original native soils, and the NHC of this soil was raised to 51%. The 13 C value for the cultivated whole soil C was j22.74°r elative to j16.95°for the native prairie soil. Calculating the amount of original native C relative to that derived from wheat inputs with a 13 C signal of j24.06°showed that 19% of the cultivated soil was still composed of native soil C after 70 years of wheat growth. On incubation, more of the wheat residue than original native soil C was lost, with a resultant 13 C content of j19.65°after incubation; the native derived products then accounted for 38% of the soil sample. Hydrolysis of the native soil with 0.1 M HCl altered the 13 C from j16.9°to j17.6°. This was further altered to j20.26°in both of the strong acid treatments. Hydrolysis of the cultivated soil further changed the 13 C by j1.5°, and hydrolysis of the cultivated-incubated sample changed the 13 C from j19.65°to j21.74°. A lower mass loss was produced by pyrolysis than by hydrolysis (4%Y10% for pyrolysis vs. 12%Y17% for hydrolysis, data not shown). After correction for mass loss, the nonpyrolysed C comprised 61% of the native soil C and 64% of the cultivated soil C. Incubation of the cultivated soil raised the nonpyrolysable C to 71% of the sample, equivalent to 29% of the original native C. Pyrolysis that depends on energy input, somewhat similar to microbial decomposition, did not significantly alter the 13 C contents of any of the samples. The nonpyrolysable C has not been carbon dated.
The N data did not closely follow that for C. Cultivation reduced the N content to 79% of the native relative to the 64% found for C. Incubation decreased the N further to 66% of the native N relative to the 41% found for C. Weak acid treatment left 87% of the N. Strong acid hydrolysis (6 M ) removed more N than C in all samples, leaving an average of 29% of the original native N relative to 42% found for the nonhydrolysable C. The proportion of N not hydrolyzed in each of the treatments, when expressed as a proportion of the N in that sample, was 29% in the native, a similar 28% in the cultivated, and 37% in the cultivated incubate samples (numbers in parenthesis). Pyrolysis left an N residue of 58% in the native treatment. The 49% of the cultivated soil N that was not pyrolysable represents 38% of the N originally present in the native sample. The 67% of the N remaining in the cultivated-incubated soil that was not pyrolysable represented 43% of the N in native soil relative to the 29% of the native N found after acid hydrolysis.
DISCUSSION
The data in this study show that the soil C and N mineralization was primarily controlled by availability of soil C and N to the microorganisms. The treatments with higher residue inputs (Halvorson et al., 2002) and less fallow contained more SOM, more microbial biomass, and more mineralizable N. The plow-fallow treatment in the Sidney soil had lost nearly all its MBN after only 23 years, showing that treatments such as these, although of importance from a research standpoint, are not sustainable in agricultural systems in this climate. The microbial biomass is an excellent indicator of past treatment effects and potential soil fertility. Curve fitting of the microbial C and N changes during incubation showed that the size and MRT of the labile pools were dependent on management. Management affected the size, but not the MRT, of the stable pool, showing that the chemistry of the latter pool is controlled more by soil characteristics. Follett et al. (1997) reported that it required 10 kg of plant residue C to sequester 1 kg of SOC in the Sidney soil, but required 23 kg of plant residue per kg SOC in the Akron soil. This is reflected in our biomass C and N measurements where the Sidney soil had different kinetics and narrower microbial C:N ratios in the cultivated soil during incubation. The narrower C:N ratio of the biomass relative to that of SOM accounted for a greater range of soil N (4.7%Y12.6%) than soil C (4.1%Y5.2%) in the biomass. The wider C:N ratio, after incubation of the microbial biomass in the Sidney sod than the other Sidney treatments and the Akron soils, could indicate a greater fraction of fungal biomass at the termination of incubation (Horwath, 2007) .
The small size of the biomass in the Akron soils, during the last stage of the incubation, appears to have affected its , even though N mineralization did not appear to be compromised by the small microbial biomass. The measured salinity attributable to the È200 Kg of accumulated nitrate N g j1 soil was not high enough to affect microbial activity. The Sidney soils with a greater proportion of MBC and N, both before and after incubation, accumulated much nitrate without affecting nitrification rates.
The MRTs of the labile, microbial C and N pools were similar to each other and also similar to those of the active soil C, measured by CO 2 evolution and curve fitting to a three-pool model consisting of active, slow, and resistant C in the Akron soil (Haddix et al., 2011) . Thus, the labile, microbial C contributes to the kinetically defined active pool. The stable microbial pool, ranging from 31% of the microbial C in the Akron corn to 94% in the Si plow, primarily contributes to the slow pool of SOC as measured by CO 2 evolution and curve analysis. However, the stable microbial-C pool is only È2% of the SOC and is thus only a small percentage of the total slow pool that accounts for È35% of the soil C (Haddix et al., 2011) .
This study has shown that decomposition-mineralization released approximately half as much of the soil N as soil C. In addition, there were more field treatment effects on N mineralization kinetics than on soil C mineralization. The rapid, initial N mineralization rates are attributed to a fairly large microbial N component with a labile decomposition phase and a lack of N immobilization during the early stages of incubation (Schimel and Bennett, 2007) . Modeling (Molina et al., 1983) tends to base the mineralization of soil N on that of soil C through knowledge of the C:N ratio. Carbon mineralization tends to follow threepool, first-order kinetics (Parton et al., 1998; Manzoni and Portporato, 2009) . Nitrogen immobilization during the early part of the incubation can result in zero-order kinetics (Juma and Paul, 1984) . Single-pool, first-order (Stanford and Smith, 1972) , two-pool, and mixed-pool models have also been used (Delgado and Shaffer, 2008) . Two-pool, first-order models best fit our biomass C and N loss, and mineral-N accumulation data showing that the length of incubation, and thus the resistance of the material being attacked, affect its kinetics.
Our much lower N mineralization rates, with different kinetics than that of soil C, show that N-containing components are more protected than many C-containing components, possibly due to interactions with sesquioxides (Kleber et al., 2007; Kögel-Knabner et al., 2008) and clays (Sollins et al., 2006; Haile-Mariam et al., 2008; Nannipieri and Paul, 2009) . Through the use of pyrolysis molecular-beam mass spectrometry, Plante et al. (2009) showed that the nonhydrolysable N in the Akron soil was primarily composed of proteinaceous (amide) constituents indicating that a factor other than chemical recalcitrance protects it from acid hydrolysis (Leinweber and Schulten, 1998; Knicker, 2011) . Heterocyclic N has been found by both pyrolysis and N-XANES spectroscopy (Jokic et al., 2004) , but its importance is still under debate. Spence et al. (2011) used nuclear magnetic resonance to analyze the microbial products present after a 14-week incubation and suggested that specific peptides are either selectively preserved or used in the synthesis of unknown structures. The fact that the N is recycled to a greater degree than the C during microbial growth also provides different kinetics for the two nutrients. Different organisms and enzymes are possibly involved in N mineralization than in C mineralization (Ladd and Brisbane, 1967) . The amount of fixed ammonia in the clays of this soil was not measured, yet would contribute only a small amount of this N (Stevenson, 1982) .
The laboratory-derived kinetics can be related to the field-derived measurements, such as C dating by the use of Q 10 relationships. A Q 10 of 2 with an Akron field mean annual temperature of 9.2-C would equate to a multiplication factor of 4.2 to convert laboratory incubation data to field mean annual temperatures. The Akron soil thus had a labile, microbial biomass pool equivalent to È150 days in the field and stable MBC and N pools of È8 years. These values, however, did not represent just persistence of the original biomass as the 27% to 39% loss in soil C during incubation provided substantial substrate for growth as well as maintenance.
The biomass is a large enough component of the potentially mineralizable C and N such that field management to raise both the biomass and the other components of the active fraction is feasible. Sanchez et al. (2002) have shown that the rhizosphere organisms associated with a corn crop can mineralize soil N constituents present in soils preconditioned by cover crops or compost. Such management would decrease N losses and greenhouse gas emissions and result in greater soil fertility while allowing the sequestration of C. Soil C and N are composed of a continuum of related materials with a wide range in MRTs. The constituents with lower MRTs control soil fertility and ecosystem functioning. The constituents with higher MRTs control soil stability and soil C and N sequestration.
The single-stage, strong acid hydrolysis procedure identified both the amount of the NHC and its MRT, showing that this procedure did identify and characterize the resistant C of this soil, and thus, a two-stage hydrolysis was not required. This procedure did not do as well for the resistant soil N and led to a major discrimination in the 13 C content. The 13 C change of up to j3.5°is attributable to the removal of amino acids and carbohydrates during hydrolysis, with their more positive 13 C values. Aromatics and long-chain fatty acids that have more negative 13 C values were not as extensively hydrolyzed . Discrimination of the different isotopes of C during C dating is corrected for by the measurement of both the 13 C and 14 C (Goh, 1991) , but is usually not taken into account in the calculation of MRTs using stable isotope ( 13 C) analysis. The amount of C not pyrolysed is similar to that identified as NHC by acid hydrolysis. Much less N is removed by pyrolysis. The amount of N not pyrolysed shows more similarities to that left behind by long-term cultivation or cultivationincubation than by hydrolysis. Pyrolysis also shows similar 13 C characteristics to those identified by microbial attack during decomposition and should be further investigated as a possible alternative (or adjunct) to hydrolysis for identifying the resistant pool of SOM. CONCLUSIONS 1. Knowledge of the different kinetics of the C and N constituents can be used in the management of both soil-C and N because the two are not necessarily maintained by identical controls. We also argue that more information on N kinetics is required to adequately model N mineralization, and this should not be modeled exclusively on C kinetics and a knowledge of C:N ratios. 2. The size of the microbial biomass pool, although very small after extended incubation, did not affect C and N mineralization rates, yet in the Akron soil, it was not large enough to carry out nitrification of the mineralized ammonium. 3. Soil N is mineralized to a much smaller extent than C.
This could be due to a greater extent of microbial reutilization of N. It must also be attributable to greater protection of what appear to be proteinaceous-like compounds by the soil matrix involving silts and clays, sesquioxides, and Ca protection.
4. A single-stage acid hydrolysis was shown to be as effective as the more complicated, two-stage procedure. Acid hydrolysis provided meaningful, large differences in the MRT of the soil C and some recognition of the proportion of resistant C and N. More attention to possible discrimination effects with stable isotopes is recommended. 5. Pyrolysis resulted in a more meaningful fractionation based on the amount of N not pyrolysed and the lack of discrimination of the 13 C constituents. We recommend this procedure be further investigated as a possible pretreatment in identifying the resistant fraction for modeling SOM dynamics.
